When are metal ion-dependent hydroxyl and alkoxyl radical adducts of 5,5-dimethyl-1-pyrroline N-oxide artifacts?
The formation of the 5,5-dimethyl-1-pyrroline N-oxide (DMPO)/.OH adduct of the spin trap DMPO has been reported to occur through nucleophilic addition of water in the presence of aqueous ferric chloride (K. Makino, T. Hagiwara, A. Hagi, M. Nishi, and A. Murakami, 1990, Biochem. Biophys. Res. Commun. 172, 1073-1080). Due to the serious implications of these findings with respect to many spin trapping studies, the suitability of DMPO as a hydroxyl radical spin trap was studied in typical Fenton systems. Using 17O-enriched water, we show conclusively that nucleophilic addition of water occurs at the nitrone carbon (or C-2 position) of DMPO in the presence of either Fe or Cu ions. Furthermore, our results demonstrate that this nucleophilic reaction is a major pathway to the DMPO/.OH adduct, even during the reaction of Fe(II) or Cu(I) with hydrogen peroxide. Primary alkoxyl adducts of DMPO also form in aqueous solution through nucleophilic addition in the presence of both Fe(III) and Cu(II). Attempts to obtain secondary and tertiary alkoxyl adducts by this mechanism were unsuccessful, possibly due to steric effects. When the reaction is carried out in various buffers, however, or in the presence of metal ion chelators, nucleophilic addition to DMPO from Fe(III) is effectively suppressed. Chelators also suppress the reaction with Cu(II). Hence, under most common experimental conditions in biochemical free radical research, nucleophilic addition to DMPO should not be of major concern.